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7KH VWDUW DQG WKH FRXUVH RI FRUURVLRQ DUH FRQGLWLRQHG E\PDQ\ IDFWRUVZKLFK XQGRXEWHGO\ LQFOXGH ELRORJLFDO HIIHFWV OLNH WKH
LQIOXHQFHRIYHJHWDWLRQDQGPLFURRUJDQLVPVFDXVLQJWKHVRFDOOHGPLFURELDOFRUURVLRQ0LFURRUJDQLVPVKDYHDOVRDFRQVLGHUDEOH
VKDUHLQWKHGHFD\DQGGHJUDGDWLRQRIGLIIHUHQWEXLOGLQJPDWHULDOV
7KLV SDSHU SUHVHQWV WKH UHVXOWV RI WKH LQYHVWLJDWLRQ RI VXOSKDWH DWWDFN RQ FRQFUHWH VDPSOHV FDXVHG E\ VLPXOWDQHRXV HIIHFW RI
VXOSKXUR[LGLVLQJ EDFWHULD UHSUHVHQWHG E\ $FLGLWKLREDFLOOXV WKLRR[LGDQV DQG VXOSKDWHUHGXFLQJ EDFWHULD UHSUHVHQWHG E\












© 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of University of Zilina, Faculty of Civil Engineering, Department of Structures 
and Bridges
347 Vlasta Ondrejka Harbulakova et al. /  Procedia Engineering  65 ( 2013 )  346 – 351 
,QWURGXFWLRQ
0LFURRUJDQLVPV DUH DOPRVW QHYHU IRXQG LQ QDWXUH DV SXUH VSHFLHV DQG ZKLOH ODERUDWRU\ VWXGLHV RQ LVRODWHG





DUH QXPHURXV LQFOXGLQJ SLWWLQJ FUDFNLQJ OHDFKLQJ RI FRPSRXQGV IURP FRQFUHWH PDWUL[ S+ YDOXHV RI FRQFUHWH
FKDQJHVDQGFUHDWLRQRIQHZFKHPLFDOSURGXFWV7KHSUHVHQFHRIYDULRXVEDFWHULD±VXFKDVWKHVXOSKXUUHGXFLQJDQG




VXOSKDWHV DUH SUHVHQW LQ VRPH EULFNV DQG FDQ EH JUDGXDOO\ UHOHDVHG RYHU D ORQJ SHULRG RI WLPH FDXVLQJ VXOSKDWH
DWWDFNWKHPRUWDUHVSHFLDOO\ZKHUHVXOSKDWHVDUHFRQFHQWUDWHGGXHWRPRLVWXUHPRYHPHQW>@
$VSHFLDOW\SHRIVXOSKDWHGHWHULRUDWLRQRIFRQFUHWHPDWHULDOVLVELRFRUURVLRQWKHSURFHVVFDXVHGE\SUHVHQFHDQG
DFWLYLWLHV RI PLFURRUJDQLVPV SURGXFLQJ VXOSKXULF DFLG 7KH ELRJHQLF VXOSKXULF DFLG LV JHQHUDWHG E\ FRPSOH[
PHFKDQLVPV DQG YDULRXV PLFURELDO VSHFLHV SDUWLFXODUO\ IHUURXV DQG VXOSKXU R[LGL]LQJ EDFWHULD JHQHUD
$FLGLWKLREDFLOOXV 7KHUH DUH ILYH VSHFLHV RI $FLGLWKLREDFLOOXV VSS  WKDW SOD\ LPSRUWDQW UROHV RQ FRUURGHG DQG
FRUURGLQJ FRQFUHWH7 WKLRSDUXV 7 QRYHOOXV7 QHDSROLWDQXV7 LQWHUPHGLXV DQG$F WKLRR[LGDQV 7KH ILUVW IRXU










WKH PL[WXUHV FRPSRVLWLRQ DQG FRDO IO\ DVK FKHPLFDO DQDO\VLV DUH SUHVHQWHG LQ RXU SUHYLRXV ZRUNV >@ &XELF
[[PPDQGF\OLQGULFDO PPLQGLDPHWHUDQGPP LQKHLJKWFRQFUHWHVDPSOHVZHUHXVHG LQ WKH
H[SHULPHQWV&\OLQGHUFRQFUHWHVDPSOHVZHUHIRUPHGDVDGULOOHGFRUHIURPFRQFUHWHFXEHXVLQJGULOOLQJPHFKDQLVPV


















































































UHIHUHQFHVDPSOH   Ĺ
IO\DVKUHSODFHPHQW   Ĺ

2Q WKH FRQWUDU\ WR WKH ODERUDWRU\ H[SHULPHQWV WKH LQFUHDVH RI ZHLJKW ZDV REVHUYHG IRU ERWK VDPSOHV LQ





































































































ZDVWH ZDWHU FRPSDULQJ WR LQLWLDO FRPSUHVVLYH VWUHQJWK RI UHIHUHQFH VDPSOHV ,Q FDVH RI VDPSOH DIWHU  PRQWK
DJJUHVVLYHH[SRVLWLRQQRWLFHDEOHGHFUHDVHZDVPHDVXUHGPRUH WKDQ03D&RQFUHWHVDPSOHVZHUHSUHSDUHGDV
KLJKSHUIRUPDQFH FRQFUHWH WKDW LV OLNHO\ZK\ WKH FRPSUHVVLYH VWUHQJWK VKRZHG WKH HQRUPRXV LQFUHDVH UHVXOWHG LQ
FRQWLQXLQJK\GUDWLRQSURFHVVHVGXULQJH[SRVLWLRQ WRZDVWHZDWHU$IWHU WKHYDOXHRIFRPSUHVVLYH VWUHQJWKUHDFKHG
WKHFULWLFDOSRLQWWKHFRQFUHWHOHGWRGLVLQWHJUDWLRQ&RUURVLRQSURFHVVHVZDVFOHDUO\PDQLIHVWHGDIWHUPRQWKVRI
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